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(57) ABSTRACT

Abelttype CVT, which has a variable drive pulley controlling
atransmission gear ratio by varying a diameter and a variable
driven pulley connected to the variable drive pulley by a belt
and controlling a tension of the belt by varying a diameter in
amanner opposite to that of the variable drive pulley, in which
each of the variable drive and driven pulleys includes belt
supports movably installed between a pair of pulley plates,
and transmission plates mounted to outside surfaces of
respective pulley plates and rotated in opposite directions,
thereby moving the plurality of belt supports in the radial
directions, and the inner surface of the belt is provided with
ratchet gear parts engaged with the belt holding ratchet gear
parts of the belt supports, so that the diameters of the variable
drive pulley and the variable driven pulley can be more easily
and efficiently varied.
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1
BELT-TYPE CONTINUOUSLY VARIABLE
TRANSMISSION

TECHNICAL FIELD

The present invention relates, in general, to a belt-type
continuously variable transmission and, more particularly, to
a belt-type continuously variable transmission, which
includes a variable drive pulley controlling a transmission
gear ratio by varying a diameter of the variable drive pulley
and a variable driven pulley connected to the variable drive
pulley by abelt and controlling a tension of the belt by varying
a diameter of the variable drive pulley in a manner opposite
that of the variable drive pulley, in which each of the variable
drive pulley and the variable driven pulley includes a plurality
of belt supports having belt holding ratchet gear parts and
movably installed between a pair of pulley plates mounted to
a pulley shaft such that the belt supports can be moved in
radial directions, and transmission plates mounted to outside
surfaces of the respective pulley plates and rotated in opposite
directions by a transmission plate rotating device, thereby
moving the plurality of belt supports in radial directions, and
the belt is provided on an inner surface thereof with ratchet
gear parts engaged with the belt holding ratchet gear parts
formed on the belt supports of the variable drive pulley and
the variable driven pulley in such a way that the ratchet gear
parts engaged with the belt supports of the variable drive
pulley and the ratchet gear parts engaged with the belt sup-
ports of the variable driven pulley are alternately arranged, so
that the diameters of the variable drive pulley and the variable
driven pulley can be more easily and efficiently varied,
thereby realizing precise and efficient stepless variable trans-
mission, and even when an excessive load is imposed on the
belt and pulleys, the belt can be prevented from slipping over
the pulleys and, accordingly, can realize more efficient power
transmission.

BACKGROUND ART

Generally, a continuously variable transmission (CVT)is a
device that continuously varies the transmission gear ratio
between a maximum transmission gear ratio and a minimum
transmission gear ratio according to a preset gear shaft pattern
and, accordingly, allows a machine to efficiently use the
engine output power, thereby realizing excellent power trans-
mission performance and a mileage increase.

The CVTs are generally and widely used in a variety of
industrial fields, such as automobiles, industrial machines,
hoists, conveyors for goods transfer, winches, elevators and
escalators. However, most of the conventional CVTs have a
complicated construction so that they are easily disabled
when being used. Further, although it is known that most
conventional CVTs can steplessly or continuously vary the
transmission gear ratio, the conventional CVTs practically,
discontinuously varies the transmission gear ratio on an
operational construction basis thereof, so that the range of
varying the transmission gear ratio is limited and, accord-
ingly, the conventional CVTs may not be efficiently adapted
to a variety of uses.

In the related art, a V-belt type CVT 100 shown in FIG. 1
has been widely used as a CVT. The V-belt type CVT 100
includes a variable drive pulley 107, a variable driven pulley
114 and a V-belt 115. The variable drive pulley 107 has a
drive-side fixed pulley plate 102 fixed to an outer circumfer-
ential surface of a drive shaft 101 receiving the output power
of an engine, a drive-side movable pulley plate 103 movably
mounted to the outer circumferential surface of the drive shaft
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101 so that the movable pulley plate 103 can move in an axial
direction and forms a drive-side V-groove 104 in conjunction
with the drive-side fixed pulley plate 102, and a drive-side
hydraulic cylinder 106 forming a hydraulic chamber 105 on a
rear surface of the drive-side movable pulley plate 103. The
variable driven pulley 114 has a driven-side fixed pulley plate
109, which is fixed to an outer circumferential surface of a
driven shaft 108 arranged at a predetermined location spaced
apart from the drive shaft 101 so that the driven shaft 108 is
parallel to the drive shaft 101, a driven-side movable pulley
plate 110 movably mounted to the outer circumferential sur-
face of the driven shaft 108 so that the movable pulley plate
110 can move in an axial direction and forms a driven-side
V-groove 111 in conjunction with the driven-side fixed pulley
plate 109, and a driven-side hydraulic cylinder 113 forming a
hydraulic chamber 112 on a rear surface of the driven-side
movable pulley plate 110. The V-belt 115 is connected
between the variable drive pulley 107 and the variable driven
pulley 114 by wrapping both around the drive-side V-groove
104 of the drive pulley 107 and around the driven-side
V-groove 111 of the driven pulley 114.

The conventional V-belt type CVT having the above-men-
tioned construction is configured to realize a desired trans-
mission gear ratio by varying the radiuses of contact between
the V-belt 115 and the variable drive pulley 107 and the
variable driven pulley 114. Here, the variation in the radiuses
of'contact between the V-belt 115 and the pulleys 107 and 114
may be realized by applying a predetermined hydraulic pres-
sure to the hydraulic chamber 105 of the drive-side hydraulic
cylinder 106 through a hydraulic line formed in the drive shaft
101 so that the drive-side movable pulley plate 103 is moved
in an axial direction to reduce the width of the drive-side
V-groove 104 of the variable drive pulley 107 and, at the same
time, by applying a predetermined hydraulic pressure to the
hydraulic chamber 112 of the driven-side hydraulic cylinder
113 through a hydraulic line formed in the driven shaft 108 so
that the driven-side movable pulley plate 110 is moved in an
axial direction to enlarge the width of the driven-side
V-groove 111 of the variable driven pulley 114. Alternatively,
the variation in the radiuses of contact between the V-belt 115
and the pulleys 107 and 114 may be realized by enlarging the
width of the drive-side V-groove 104 of the variable drive
pulley 107 and, at the same time, by reducing the width of the
driven-side V-groove 111 of the variable driven pulley 114.

However, the above-mentioned conventional V-belt type
CVT is problematic in that the V-belt 115 is in frictional
contact both with the variable drive pulley 107 and with the
variable driven pulley 114, so that when an excessive load is
imposed on the belt and pulleys, the V-belt 115 may slip over
the variable drive pulley 107 and over the variable driven
pulley 114 and, accordingly, the V-belt may fail to efficiently
transmit the engine power and the durability of the V-belt 115
may be remarkably reduced by the slip. Further, the tension of
the V-belt 115 may be easily reduced by the repeated use of
the CVT; so that the V-belt may not perform power transmis-
sion as desired.

DISCLOSURE
Technical Problem

Accordingly, the present invention has been made keeping
in mind the above problems occurring in the related art, and is
intended to provide a belt-type CVT, which includes a vari-
able drive pulley controlling a transmission gear ratio by
varying a diameter thereof and a variable driven pulley con-
nected to the variable drive pulley by a belt and controlling a
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tension of the belt by varying a diameter thereof in a manner
opposite that of the variable drive pulley, in which each of the
variable drive pulley and the variable driven pulley includes a
plurality of belt supports having belt holding ratchet gear
parts and movably installed between a pair of pulley plates
mounted to a pulley shaft such that the belt supports can be
moved in radial directions, and transmission plates mounted
to outside surfaces of the respective pulley plates and rotated
in opposite directions by a transmission plate rotating device,
thereby moving the plurality of belt supports in radial direc-
tions, and the belt is provided on an inner surface thereof with
ratchet gear parts engaged with the belt holding ratchet gear
parts formed on the belt supports of the variable drive pulley
and the variable driven pulley in such a way that the ratchet
gear parts engaged with the belt supports of the variable drive
pulley and the ratchet gear parts engaged with the belt sup-
ports of the variable driven pulley are alternately arranged, so
that the diameters of the variable drive pulley and the variable
driven pulley can be more easily and efficiently varied,
thereby realizing precise and efficient stepless variable trans-
mission, and even when an excessive load is imposed on the
belt and pulleys, the belt can be prevented from slipping over
the pulleys and, accordingly, can realize more efficient power
transmission.

Technical Solution

In an aspect, the present invention provides a belt-type
continuously variable transmission, including: a variable
drive pulley controlling a transmission gear ratio by varying a
diameter thereof, and a variable driven pulley connected to
the variable drive pulley by a belt and controlling a tension of
the belt by varying a diameter thereof in a manner opposite
that of the variable drive pulley, wherein the variable drive
pulley includes: a pulley shaft having a pulley plate holder on
a central portion of an outer circumferential surface thereof; a
pair of pulley plates mounted to opposite ends of the pulley
plate holder of the pulley shaft, each of the pulley plates
having a pulley shaft hole formed through a center thereofand
a plurality of slide slits radially formed therein at locations
outside the pulley shaft hole; a plurality of belt supports
movably installed between the pair of pulley plates such that
the belt supports can move relative to the pulley plates in
radial directions, each of the belt supports having a belt hold-
ing ratchet gear part formed on an outer surface thereof, a
slide part formed on each end thereof and inserted into an
associated slide slit of the pulley plates, and a guide protru-
sion protruding outside an outer surface of an associated one
of the pulley plates; a pair of transmission plates rotatably
mounted to the outer surfaces of respective pulley plates
mounted to the opposite ends of the pulley plate holder of the
pulley shaft, with a thrust bearing interposed between each of
the transmission plates and an associated pulley plate, each of
the transmission plates having a pulley shaft hole formed
through a center thereof and a plurality of involute slits radi-
ally formed therein at locations outside the pulley shaft hole
such that the involute slits of the transmission plates receive
respective guide protrusions of the plurality of belt supports
installed between the pulley plate; and a transmission plate
rotating device rotating the transmission plates, which are
rotatably mounted to the outer surfaces of the respective
pulley plates, in opposite directions, thereby moving the plu-
rality of belt supports installed between the pulley plates in
radial directions; the variable driven pulley has the same
construction as that of the variable drive pulley, wherein the
belt holding ratchet gear parts formed on the outer surfaces of
the belt supports of the variable driven pulley are inclined in

25

40

45

4

a direction opposed to that of the belt holding ratchet gear
parts formed on the belt supports of the variable drive pulley;
and the belt is provided on an inner surface thereof both with
drive-side ratchet gear parts engaged with the belt holding
ratchet gear parts formed on the belt supports of the variable
drive pulley and with driven-side ratchet gear parts engaged
with the belt holding ratchet gear parts formed on the belt
supports of the variable driven pulley, wherein the drive-side
ratchet gear parts and the driven-side ratchet gear parts are
alternately arranged.

Further, in the present invention, the transmission plate
rotating device may include: a pair of hydraulic actuators
mounted to central portions of outer surfaces of respective
transmission plates, each of the hydraulic actuators includ-
ing: a housing having a through hole formed through each of
the front and rear walls thereof so that the pulley shaft passes
through the housing, with an oil chamber defined in the hous-
ing; partitions oppositely installed in the housing in such a
way that the partitions partition the oil chamber into two
spaces; a rotor fitted over the outer circumferential surface of
the pulley shaft, which passes through the housing, at a loca-
tion inside the oil chamber partitioned by the partitions into
the two spaces, so that the rotor rotates along with the pulley
shaft; vanes oppositely protruding from the outer circumfer-
ential surface of the rotor in such a way that the vanes divide
the oil chamber partitioned into two spaces by the partitions
into four spaces; an oil passage formed in the pulley shaft
such that the oil passage communicates with a plurality of oil
inlet/outlet holes formed in the rotors inserted into the hous-
ings of the hydraulic actuators, so that the oil passage applies
hydraulic pressure to the hydraulic actuators mounted to the
respective transmission plates; and an oil inlet/outlet block
rotatably fitted over an end of the outer circumferential sur-
face of the pulley shaft in such a way that the oil inlet/outlet
block communicates with the oil passage formed in the pulley
shaft.

Advantageous Effects

As described above, the belt-type CVT according to the
present invention is configured such that the variable drive
pulley can control the transmission gear ratio by varying the
diameter thereof and the variable driven pulley connected to
the variable drive pulley by the belt can control the tension of
the belt by varying the diameter thereof in the manner oppo-
site that of the variable drive pulley, in which each of the
variable drive pulley and the variable driven pulley includes
the plurality of belt supports having the belt holding ratchet
gear parts and movably installed between the pair of pulley
plates mounted to the pulley shaft such that the belt supports
can be moved in radial directions, and the transmission plates
mounted to the outside surfaces of the respective pulley plates
and rotated in opposite directions by the transmission plate
rotating device, thereby moving the plurality of belt supports
in the radial directions, and the belt is provided on the inner
surface thereof with ratchet gear parts engaged with the belt
holding ratchet gear parts formed on the belt supports of the
variable drive pulley and the variable driven pulley in such a
way that the ratchet gear parts engaged with the belt supports
of'the variable drive pulley and the ratchet gear parts engaged
with the belt supports of the variable driven pulley are alter-
nately arranged, so that the diameters of the variable drive
pulley and the variable driven pulley can be more easily and
efficiently varied, thereby realizing precise and efficient step-
less variable transmission, and even when an excessive load is
imposed on the belt and pulleys, the belt can be prevented
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from slipping over the pulleys and, accordingly, can realize
more efficient power transmission.

DESCRIPTION OF DRAWINGS

FIG. 1 is a view illustrating a conventional V-belt type
CVT;

FIG. 2 is a perspective view illustrating a belt-type CVT
according to the present invention;

FIG. 3 is a perspective view illustrating a belt used in the
belt-type CVT according to the present invention;

FIG. 4 is an exploded perspective view illustrating the
construction of a variable drive pulley and a variable driven
pulley used in the belt-type CVT according to the present
invention;

FIG. 5 is an exploded perspective view illustrating the
construction of a hydraulic actuator used in the variable drive
pulley and in the variable driven pulley of the belt-type CVT
according to the present invention;

FIG. 6 is a sectional view illustrating both an assembled
state of the variable drive pulley and the variable driven pulley
of'the belt-type CVT according to the present invention and a
hydraulic pressure supply line provided in the pulleys; and

FIGS. 7 and 8 are views illustrating the operating process
of the belt-type CVT according to the present invention.

MODE FOR INVENTION

Hereinbelow, the present invention realizing the above-
mentioned object will be described in detail with reference to
the accompanying drawings, FIGS. 2 through 8.

FIG. 2 is a perspective view illustrating a belt-type CVT
according to the present invention. FIG. 3 is a perspective
view illustrating a belt used in the belt-type CVT according to
the present invention. FIG. 4 is an exploded perspective view
illustrating the construction of a variable drive pulley and a
variable driven pulley used in the belt-type CVT according to
the present invention. FIG. 5 is an exploded perspective view
illustrating the construction of a hydraulic actuator used in the
variable drive pulley and in the variable driven pulley of the
belt-type CVT according to the present invention. FIG. 6 is a
sectional view illustrating both an assembled state of the
variable drive pulley and the variable driven pulley of the
belt-type CVT according to the present invention and a
hydraulic pressure supply line provided in the pulleys. FIGS.
7 and 8 are views illustrating the operating process of the
belt-type CVT according to the present invention.

As shown in FIG. 2, the belt-type CVT according to the
present invention includes a variable drive pulley 10, which
controls the transmission gear ratio by varying the diameter
thereof, and a variable driven pulley 30 which is connected to
the variable drive pulley 10 by a belt 50 and controls the
tension of the belt 50 by varying the diameter thereof in a
manner opposite that of the variable drive pulley 10.

The variable drive pulley 10 and the variable driven pulley
30 have the same construction except for some elements so
that the same elements both in the variable drive pulley 10 and
in the variable driven pulley 30 will carry the same reference
numerals and will be described in common and the different
elements will carry different reference numerals and will be
described separately.

As shown in FIG. 4, the variable drive pulley 10 includes a
pulley shaft 11 that has a pulley plate holder 11a on the central
portion of the outer circumferential surface thereof.

Here, although it is preferred that the pulley plate holder
11a provided on the central portion of the outer circumferen-
tial surface of the pulley shaft 11 be integrated with the pulley
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6

shaft 11 into a single body, the pulley plate holder 11a may be
produced separately from the pulley shaft 11 prior to being
assembled with the pulley shaft for ease of production.

Mounted to opposite ends of the pulley plate holder 11a of
the pulley shaft 11 using locking units, such as locking bolts,
are a pair of pulley plates 14a and 145, with a pulley shaft hole
12 formed through the center of each of the pulley plates 14a
and 145 and a plurality of slide slits 13 radially formed in each
pulley plate at locations around the pulley shaft hole 12.

Further, a plurality of belt supports 15 are movably
installed between the pulley plates 14a and 145 such that the
belt supports can move relative to the pulley plates in radial
directions. In each of the belt supports 15, a belt holding
ratchet gear part 15q is provided on the outer surface of the
belt support, a slide part 155 is provided on each end of the
belt support and is inserted into an associated slide slit 13 of
the pulley plates 14a and 145, and a guide protrusion 15¢
axially extends from each end of the belt support and is
projected outside the outer surface of an associated pulley
plate 14a, 1464.

Here, the plurality of slide slits 13 formed in each of the
pulley plates 14a and 145 may be configured to extend from
the pulley shaft hole 12 in radial directions. However, it is
preferred that the plurality of slide slits 13 be inclined relative
to straight lines, which diametrically pass through the center
of the pulley plate, at a predetermined angle of inclination.
Here, the angle of inclination of the slide slits is preferably set
to a value within a range of 0~90 degree angles according to
the size, standard and usage of the CVT.

When the plurality of slide slits 13 are radially formed
around the pulley shaft hole 12 in each of the pulley plates 14a
and 145 in such a way that the slide slits are inclined at the
predetermined angle of inclination relative to the straight
lines passing through the center of the pulley plate as
described above, and, at the same time, when the belt holding
ratchet gear parts 15a formed on the outer surfaces of the belt
supports 15 are configured to be inclined at the same angle of
inclination as that of the slide slits, the plurality of belt sup-
ports 15 inserted at opposite ends thereof into the parallely
facing slide slits 13 of the pulley plates are moved in radial
directions and are brought into contact with the belt 50 in a
state in which the belt supports are inclined at the predeter-
mined angle of inclination relative to the central axis of the
pulley shaft 11. Therefore, the belt holding ratchet gear parts
15a formed on the outer surface of each of the plurality of belt
supports 15 are not simultaneously brought into contact with
the belt 50, but are sequentially brought into contact with the
belt 50 from one end of the belt holding ratchet gear parts 15a.
Accordingly, during a process of transmitting power with
variable pulley diameters, the present invention can reduce
the impact and noise generated by the contact of the plurality
of'the belt supports 15 with the belt 50 and can realize reliable
power transmission that occurs with changes of speed and
torque even in the case of high speed rotation.

Further, it is preferred that the number of belt supports 15
be set to a maximum number determined by evenly dividing
a circle corresponding to a minimum diameter of the pulleys
according to design conditions in such a way that the belt 50
can efficiently rotate in a state in which the belt is being stably
held by the pulleys. However, when the size of the belt hold-
ing ratchet gear parts 15a formed on the outer surfaces of the
belt supports 15 is taken into consideration and when the
strength, machining and assembling work efficiency both of
the slide parts 155 and of the guide protrusions 15¢ provided
on opposite ends of the belt support is also taken into consid-
eration, the number of belt supports 15 is preferably set to
about twenty four.
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To the outer surfaces ofthe respective pulley plates 14a and
145 mounted to the opposite ends of the pulley plate holder
11a ofthe pulley shaft 11, a pair of the transmission plates 18a
and 185 are rotatably mounted with a thrust bearing 18 inter-
posed between each transmission plate and an associated
pulley plate. Here, a pulley shaft hole 16 is formed through the
center of each of the transmission plates 18a and 185, and a
plurality of involute slits 17 are formed in each of the trans-
mission plates 18a and 185 in radial directions at locations
around the pulley shaft hole 16 such that the guide protrusions
15¢ of the plurality of belt supports 15 movably installed
between the pulley plates 14a and 146 by being inserted
thereinto can be received by the respective involute slits.

Here, when the plurality of slits 17 formed in the transmis-
sion plates 18a and 1854 to guide the guide protrusions 15¢ of
the respective belt supports 15 are formed in the shape of the
involute curves, the force required to realize the power trans-
mission, that is the rotating force of the transmission plates
18a and 185 required to radially move the plurality of belt
supports 15 installed between the pulley plates 14a and 145,
can be evenly applied to the plurality of belt supports 15
within a range from a maximum diameter portion to a mini-
mum diameter portion of the pulleys, so that the desired
power transmission that occurs with changes of speed and
torque can be realized by the same rotating force for any range
of the diameters.

Further, the transmission plates 18a and 185 rotatably
mounted to the outer surfaces of the respective pulley plates
14a and 145 can be rotated in opposite directions by a trans-
mission plate rotating device and radially move the plurality
of’beltsupports 15 installed between the pulley plates 14a and
145.

As shown in FIG. 6, the transmission plate rotating device
for rotating the transmission plates 18a and 185 in opposite
directions includes a pair of hydraulic actuators 24a and 245
mounted to the centers of the outer surfaces of the respective
transmission plates 18a and 185, an oil passage 25 formed in
the pulley shaft 11 and supplying oil pressure to the hydraulic
actuators 24a and 2454, and an oil inlet/outlet block 26 rotat-
ably fitted over an end of the outer circumferential surface of
the pulley shaft 11 such that the oil inlet/outlet block 26 can
communicate with the oil passage 25 formed in the pulley
shaft 11.

The hydraulic actuators 24a and 244 that constitute the
transmission plate rotating device are mounted to the centers
of'the outer surfaces of the respective transmission plates 18a
and 185. As shown in FIG. 5, each of the hydraulic actuators
24a and 245 includes a housing 21 having a through hole 19
formed through each of front and rear walls thereof so that the
pulley shaft 11 can pass through the housing 21, with an oil
chamber 20 defined in the housing. Partitions 21a and 215 are
oppositely installed in the housing 21 in such a way that the
partitions can partition the oil chamber 20 into two spaces.
Further, a rotor 22 is fitted over the outer circumferential
surface of the pulley shaft 11 passing through the housing 21
at a location inside the oil chamber 20 partitioned by the
partitions 21a and 215 into the two spaces, so that the rotor 22
can rotate along with the pulley shaft 11. Vanes 23a and 235
oppositely protrude from the outer circumferential surface of
the rotor 22 in such a way that the vanes can divide the oil
chamber 20 partitioned into the two spaces by the partitions
21a and 215 into four spaces.

Here, the partitions 21a and 215 and the rotor 22 installed
in the housing 21 are provided with respective oil seals 27 and
28 for sealing the four spaces partitioned both by the parti-
tions 21a and 215 and by the vanes 23a and 234 of the rotor
22.
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Further, a plurality of oil inlet/outlet holes 22a and 2254 are
formed through the outer circumferential surface of the rotor
22. The oil inlet/outlet holes 22a and 225 communicate with
the oil passage 25 inside the pulley shaft 11 by an oil groove
formed in the inner circumferential surface of the rotor 22.

The oil passage 25 functions to reliably supply oil pressure
to the hydraulic actuators 24a and 2454 rotated along with the
pulley shaft 11. The oil passage 25 is formed inside the pulley
shaft 11 in such a way that the oil passage 25 can communi-
cate with the plurality of oil inlet/outlet holes 22a and 225
formed through the rotors 22 installed inside the housings 21
of the hydraulic actuators 24a and 245 mounted to the trans-
mission plates 18a and 185.

The oil inlet/outlet block 26 functions to connect an oil
pressure supply device to the oil passage 25 formed in the
pulley shaft 11 that rotates at a predetermined speed. The oil
inlet/outlet block 26 is rotatably fitted over the end of the outer
circumferential surface of the pulley shaft 11 in such a way
that the oil inlet/outlet block 26 can communicate with the oil
passage 25 formed in the pulley shaft 11.

Here, a pair of oil inlet/outlet holes 26a and 265 are formed
through an end of the outer circumferential surface of the oil
inlet/outlet block 26. The oil inlet/outlet holes 26a and 265
communicate with the oil passage 25 inside the pulley shaft
11 by an oil groove formed in the inner circumferential sur-
face of the oil inlet/outlet block 26.

Further, as shown in FIG. 6, in the oil pressure supply line
for supplying oil pressure to the transmission plate rotating
device, the inlet oil under pressure, supplied through the oil
inlet/outlet holes 264 of the oil inlet/outlet block 26 rotatably
fitted over the end of the outer circumferential surface of the
pulley shaft 11, may pass through a first oil passage 25a
formed in the pulley shaft 11 and then flows into both the
hydraulic actuator 24 and the hydraulic actuator 245, and is,
thereafter, returned to the oil pressure supply device sequen-
tially through a second oil passage 2556 formed in the pulley
shaft 11 and through the oil inlet/outlet holes 265 of the oil
inlet/outlet block 26. Alternatively, the inlet oil under pres-
sure, supplied through the oil inlet/outlet holes 264 of the oil
inlet/outlet block 26, may pass through the second oil passage
25b formed in the pulley shaft 11 and then flow into both the
hydraulic actuator 245 and the hydraulic actuator 24a, and is,
thereafter, returned to the oil pressure supply device sequen-
tially through the first oil passage 25a formed in the pulley
shaft 11 and through the oil inlet/outlet holes 265 of the oil
inlet/outlet block 26.

The variable driven pulley 30 has the same construction as
that of the variable drive pulley 10, however, as shown in F1G.
2, the belt holding ratchet gear parts 31a formed on the outer
surfaces of the belt supports 31 provided in the variable driven
pulley 30 are inclined in a direction opposed to the direction
of'inclination ofthe belt holding ratchet gear parts 15a formed
on the belt supports 15 provided in the variable driven pulley
10.

Here, it is preferred that the belt holding ratchet gear parts
15a formed on the outer surfaces of the belt supports 15
provided in the variable drive pulley 10 and the belt holding
ratchet gear parts 31a formed on the outer surfaces of the belt
supports 31 provided in the variable driven pulley 30 be
arranged along offset lines without being arranged along the
same lines in an effort to reduce transmission shock and to
realize a stable and balanced belt holding state.

In other words, as shown in FIG. 2, when the belt holding
ratchet gear parts 15a of the variable drive pulley 10 are
formed on opposite ends of the outer surface of each belt
support 15, the belt holding ratchet gear parts 31a of the
variable driven pulley 30 are formed on the center of the outer
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surface of each belt support 31. On the contrary, when the belt
holding ratchet gear parts 15a of the variable drive pulley 10
are formed on the center of the outer surface of each belt
support 15, the belt holding ratchet gear parts 31a of the
variable driven pulley 30 are formed on the opposite ends of
the outer surface of each belt support 31.

Further, the belt 50 is provided on the inner surface thereof
with both drive-side ratchet gear parts 51 engaged with the
belt holding ratchet gear parts 15a formed on the belt supports
15 of the variable drive pulley 10 and driven-side ratchet gear
parts 52 engaged with the belt holding ratchet gear parts 31a
formed on the belt supports 31 of the variable driven pulley
30, wherein the drive-side ratchet gear parts 51 and driven-
side ratchet gear parts 52 are alternately arranged.

Here, the belt 50 may be constructed in the form of a flat
belt or a link belt. When the belt 50 is constructed in the form
of a flat belt, it is preferred that the belt be made of the same
materials as those of conventional belts or be made of metal,
synthetic resin or carbon fiber in an effort to increase the
durability of the belt.

Further, when the belt 50 is constructed in the form of alink
belt, as shown in FIG. 3, it is preferred that a plurality of link
plates 53 having the drive-side ratchet gear parts 51 engaged
with the belt holding ratchet gear parts 15a formed on the belt
supports 15 of the variable drive pulley 10 and a plurality of
link plates 54 having the driven-side ratchet gear parts 52
engaged with the belt holding ratchet gear parts 31a formed
on the belt supports 31 of the variable driven pulley 30 be
coupled to each other using a link pin 55.

Further, it is preferred that both the drive-side ratchet gear
parts 51 and the driven-side ratchet gear parts 52 provided on
the inner surface of the belt 50 be arranged at respective
locations corresponding to the locations of the belt holding
ratchet gear parts 15a of the variable drive pulley 10 and to the
locations of the belt holding ratchet gear parts 31a of the
variable driven pulley 30.

Described in detail, as shown in FIG. 2 and FIG. 3, when
the belt holding ratchet gear parts 15a of the variable drive
pulley 10 are formed on the opposite ends of the outer sur-
faces of the belt supports 15 and the belt holding ratchet gear
parts 31a of the variable driven pulley 30 are formed on the
centers of the outer surfaces of the belt supports 31, the
drive-side ratchet gear parts 51 and the driven-side ratchet
gear parts 52 provided on the inner surface of the belt 50 are
formed along the opposite ends and along the center of the
inner surface of the belt 50, respectively. On the contrary,
when the belt holding ratchet gear parts 154 of the variable
drive pulley 10 are formed on the centers of the outer surfaces
of the belt supports 15 and the belt holding ratchet gear parts
31a of the variable driven pulley 30 are formed on the oppo-
site ends of the outer surfaces of the belt supports 31, the
drive-side ratchet gear parts 51 and the driven-side ratchet
gear parts 52 provided on the inner surface of the belt 50 are
formed along the center and along the opposite ends of the
inner surface of the belt 50, respectively.

The operation of the above-mentioned belt-type CVT
according to the present invention will be described herein-
below.

In the belt-type CVT according to the present invention, an
oil pressure supply device, which is not shown in the draw-
ings, is connected to the oil inlet/outlet blocks 26 of respective
transmission plate rotating devices provided in the variable
drive pulley 10 and in the variable driven pulley 30 and the
hydraulic actuators 24a and 24b are operated, so that the
diameters of respective pulleys can be easily and efficiently
varied.
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That is, as shown in FIGS. 7(a) and 7(b), to reduce the
diameter of the variable drive pulley 10 which has stayed at
the maximum diameter, oil under pressure is supplied to the
hydraulic actuators 24a and 245 mounted to the centers of the
outer surfaces of the respective transmission plates 18a and
185 sequentially through the oil inlet/outlet holes 264 formed
in the oil inlet/outlet block 26 rotatably fitted over the end of
the outer circumferential surface of the pulley shaft 11 and
through the first oil passage 25a formed in the pulley shaft 11.

Here, as shown in FIG. 7(a), the oil under pressure that has
been supplied to the hydraulic actuator 24a mounted to the
center of the outer surface of the transmission plate 18a flows
both into the first space 20a and into the third space 20c of the
oil chamber 20 defined inside the housing 21 through the
plurality of oil inlet/outlet holes 22a formed through the rotor
22, thereby applying oil pressure to the partitions 21a and 215
installed in the housing 21. The oil under pressure that has
been supplied both into the first space 20a and into the third
space 20c¢ of the oil chamber 20 applies oil pressure to the
partitions 21a and 215 installed in the housing 21. Therefore,
the oil that has been stored both in the second space 205 and
in the fourth space 204 of the oil chamber 20 is discharged
therefrom through the oil inlet/outlet holes 225 of the rotor
22, so that the housing 21 is rotated and, accordingly, the
transmission plate 18a mounted to the housing 21 is rotated
clockwise by the rotation of the housing 21.

Further, the oil under pressure, supplied to the hydraulic
actuator 245 mounted to the center of the outer surface of the
transmission plate 185, actuates the hydraulic actuator 245,
so that the transmission plate 185 mounted to the hydraulic
actuator 24b is rotated counterclockwise.

Here, the rotors 22 installed in the housings 21 of the
respective hydraulic actuators 24a and 24b are arranged to
form a cross-shaped profile, that is, the rotor 22 of the hydrau-
lic actuator 24a is arranged in such a way that the vanes 23a
and 235 thereof are directed at 5 o’clock and at 11 o’clock,
respectively, and the rotor 22 of the hydraulic actuator 245 is
arranged in such a way that the vanes 23« and 235 are directed
at 1 o’clock and at 7 o’clock, respectively, so that every time
oil pressure is applied to the hydraulic actuators 24a and 245,
the transmission plates 18a and 185 are rotated in opposite
directions.

When the transmission plates 18a and 184 are rotated in
opposite directions by the respective hydraulic actuators 24a
and 2454 as described above, the rotating force of the trans-
mission plates is applied to the guide protrusions 15¢ of the
belt supports 15 movably inserted into the involute slits 17 of
the transmission plates 18a and 185. Here, when the rotating
force of the transmission plates 18 and 1854 is applied to the
guide protrusions 15¢ formed on the opposite ends of the belt
supports 15, the slide parts 1556 of the respective belt supports
15 move inwardly along the respective slide slits 13 of the
pulley plates 14a and 144 in radial directions, so that the
diameter of the variable drive pulley 10 formed by the plural-
ity of belt supports 15 can be easily and efficiently reduced.

On the other hand, to increase the reduced diameter of the
variable drive pulley 10, as shown in FIGS. 8(a) and 8(5), oil
under pressure is supplied to the hydraulic actuators 24a and
245 mounted to the centers of the outer surfaces of the respec-
tive transmission plates 18a and 184 through the oil inlet/
outlet holes 265 formed in the oil inlet/outlet block 26 rotat-
ably fitted over the end of the outer circumferential surface of
the pulley shaft 11 and through the second oil passage 255
formed in the pulley shaft 11.

The oil under pressure, supplied to the hydraulic actuators
244 and 245 mounted to the centers of the outer surfaces of
the respective transmission plates 18a and 1854, flows both
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into the second space 2056 and into the fourth space 204 of the
oil chamber 20 defined in the housing 21 through the plurality
of oil inlet/outlet holes 225 of the rotor 22 and applies pres-
sure to the partitions 21a and 215 installed in the housing 21.
Because the oil supplied into both the second space 205 and
the fourth space 20d of the oil chamber 20 applies pressure to
the partitions 21a and 216 installed in the housing 21 as
described above, oil which has been stored in both the first
space 20a and the third space 20c¢ of the oil chamber 20 is
discharged therefrom through the oil inlet/outlet holes 224 of
the rotor 22 and rotates the housing 21. Due to the above-
mentioned rotation of the housing 21, the transmission plate
18a mounted to the housing 21 is rotated counterclockwise.

Further, in the above state, oil under pressure supplied to
the hydraulic actuator 245 mounted to the center of the outer
surface of the transmission plate 184 actuates the hydraulic
actuator 245, so that the transmission plate 185 mounted to
the hydraulic actuator 244 is rotated clockwise.

When the transmission plates 18a and 185 are rotated in
opposite directions by the respective hydraulic actuators 24a
and 24b, as described above, the rotating force of the trans-
mission plates 184 and 185 is applied to the guide protrusions
15¢ of the belt supports 15 movably inserted into the respec-
tive involute slits 17 of the transmission plates 184 and 185.
When the rotating force of the transmission plates 18a and
185 is applied to the guide protrusions 15¢ provided on the
opposite ends of the belt supports 15, the slide parts 156 of the
respective belt supports 15 outwardly move along the slide
slits 13 of the pulley plates 14a and 145 in radial directions, so
that the diameter of the variable drive pulley 10 formed by the
plurality of belt supports 15 can be easily and efficiently
increased.

In the variable driven pulley 30, the orientation of the vanes
of' the respective rotors 22 installed in the hydraulic actuators
24a and 24b is opposed to that of the vanes of the rotors in the
variable drive pulley 10, so that when oil pressure is applied to
the hydraulic actuators 24a and 244, the transmission plates
18a and 1856 are rotated in directions opposite to those of the
transmission plates in the variable drive pulley 10. Therefore,
the diameter of the variable driven pulley 30 varies in a
manner opposed that of the variable drive pulley 10 in such a
way that, when the diameter of the variable drive pulley 10 is
being increased, the diameter of the variable driven pulley 30
is being reduced, however, when the diameter of the variable
drive pulley 10 is being reduced, the diameter of the variable
driven pulley 30 is being increased.

As described above, the diameter of the variable driven
pulley 30 can vary in a manner opposed to that of the variable
drive pulley 10, so that the tension of the belt 50 wrapped
around both the variable drive pulley 10 and the variable
driven pulley 30 can be efficiently controlled.

Therefore, in the belt-type CVT according to the present
invention, the diameters of both the variable drive pulley 10
and the variable driven pulley 30 can easily and efficiently
vary, so that the belt-type CVT can realize more precise and
efficient stepless variable transmission.

Further, in the belt-type CVT according to the present
invention, the belt 50 an be rotated in a state in which the
drive-side ratchet gear parts 51 formed along an axis on the
inner surface of the belt 50 are reliably engaged with the belt
holding ratchet gear parts 15a formed on the outer surfaces of
the plurality of belt supports 15 in the variable drive pulley 10
and, at the same time, the driven-side ratchet gear parts 52
formed along another axis on the inner surface of the belt 50
are reliably engaged with the belt holding ratchet gear parts
31a formed on the outer surfaces of the plurality of belt
supports 31 inthe variable driven pulley 30, so that even when
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an excessive load is imposed on the belt and pulleys, the belt
can be prevented from slipping over the pulleys.

Further, in the belt-type CVT according to the present
invention, both the variable drive pulley 10 and the variable
driven pulley 30 can be configured to have large widths,
respectively, and, at the same time, the size and capacity of the
belt-type CVT can be easily controlled by easily changing the
locations of the belt holding ratchet gear parts 15a and 31a
formed on the outer surfaces of the belt supports 15 and 31
and by easily increasing the number of belts 50 wrapped
around the variable drive pulley 10 and the variable driven
pulley 30. Therefore, the belt-type CVT of the present inven-
tion can be efficiently used in a variety of machines, such as
automobiles, ships, hoists, conveyors for goods transfer,
winches, elevators and escalators, used in a variety of indus-
trial fields.

The invention claimed is:

1. A belt-type continuously variable transmission, com-

prising:

avariable drive pulley controlling a transmission gear ratio
by varying a diameter thereof, and a variable driven
pulley connected to the variable drive pulley by a belt
and controlling a tension of the belt by varying a diam-
eter thereof in a manner opposite that of the variable
drive pulley,

wherein the variable drive pulley comprises:

a pulley shaft having a pulley plate holder on a central
portion of an outer circumferential surface thereof;

a pair of pulley plates respectively mounted to opposite
ends of the pulley plate holder of the pulley shaft, each of
the pair of pulley plates having a pulley shaft hole
formed through a center thereof and a plurality of slide
slits radially formed therein at locations outside the pul-
ley shaft hole;

a plurality of belt supports movably installed between the
pair of pulley plates such that the plurality of belt sup-
ports can move relative to the pair of pulley plates in
radial directions, each of the plurality of belt supports
having a belt holding ratchet gear part formed on an
outer surface thereof, a slide part formed on each end
thereof and inserted into an associated slide slit of the
plurality of slide slits of the pair of pulley plates, and a
guide protrusion protruding outside an outer surface of
an associated one of the pair of pulley plates;

apair of transmission plates rotatably mounted to the outer
surfaces of the respective pair of pulley plates mounted
to the opposite ends of the pulley plate holder of the
pulley shaft, with a pair of thrust bearings interposed
between each of the transmission plates and the associ-
ated pulley plate of the pair of pulley plates respectively,
each ofthe transmission plates having a pulley shaft hole
formed through a center thereof and a plurality of invo-
lute slits radially formed therein at locations outside the
pulley shaft hole such that the plurality of involute slits
of the transmission plates receive respective guide pro-
trusions of the plurality of belt supports installed
between the pair of pulley plates; and

a transmission plate rotating device for rotating the trans-
mission plates rotatably mounted to the outer surfaces of
the respective pulley plates in opposite directions,
thereby moving the plurality of belt supports installed
between the pair of pulley plates in radial directions,

wherein the variable driven pulley has the same construc-
tion as that of the variable drive pulley, wherein belt
holding ratchet gear parts formed on outer surfaces of
belt supports of the variable driven pulley are inclined in
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a direction opposed to that of the belt holding ratchet
gear parts formed on the plurality of belt supports of the
variable drive pulley, and

wherein the belt includes: a left side belt portion, a center
belt portion and a right side belt portion, all extending
longitudely throughout the belt,

wherein each of the left side belt portion and right side belt
portions includes a plurality of drive-side ratchet gear
parts disposed on an inner surface thereof and engaged
with a left and a right portions of each of the belt holding
ratchet gear parts disposed on the plurality of belt sup-
ports of the variable drive pulley, and

wherein the center belt portion includes a plurality of
driven-side ratchet gear parts inclined in a direction
opposed to that of the plurality of the plurality of drive-
side ratchet gear parts and engaged with a center portion
of'each of the belt holding ratchet gear parts disposed on
the belt supports of the variable driven pulley.

2. The belt-type continuously variable transmission as set
forth in claim 1, wherein the transmission plate rotating
device comprises:

apair of hydraulic actuators mounted to central portions of
outer surfaces of respective transmission plates, each of
the hydraulic actuators comprising:

a housing having a through hole formed through each of
front and rear walls thereof so that the pulley shaft passes
through the housing, with an oil chamber defined in the
housing;

partitions oppositely installed in the housing in such a way
that the partitions are configured to partition the oil
chamber into two spaces;

a rotor fitted over an outer circumferential surface of the
pulley shaft which passes through the housing at a loca-
tion inside the oil chamber partitioned by the partitions
into the two spaces, so that the rotor rotates along with
the pulley shaft;

vanes oppositely protruding from an outer circumferential
surface of the rotor in such a way that the vanes divide
the oil chamber partitioned into the two spaces by the
partitions into four spaces;

an oil passage formed in the pulley shaft such that the oil
passage communicates with a plurality of oil inlet/outlet
holes formed in the rotor inserted into the housing of
each of the pair of hydraulic actuators, and applies
hydraulic pressure to each of the pair of hydraulic actua-
tors mounted to the respective transmission plates; and

an oil inlet/outlet block rotatably fitted over an end of the
outer circumferential surface of the pulley shaft in such
a way that the oil inlet/outlet block communicates with
the oil passage formed in the pulley shaft.

3. A belt-type continuously variable transmission, com-

prising:

avariable drive pulley controlling a transmission gear ratio
by varying a diameter thereof, and a variable driven
pulley connected to the variable drive pulley by a belt
and controlling a tension of the belt by varying a diam-
eter thereof in a manner opposite that of the variable
drive pulley,

wherein the variable drive pulley comprises:
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a pulley shaft having a pulley plate holder on a central
portion of an outer circumferential surface thereof;

a pair of pulley plates respectively mounted to opposite
ends of the pulley plate holder of the pulley shaft, each of
the pair of pulley plates having a pulley shaft hole
formed through a center thereof and a plurality of slide
slits radially formed therein at locations outside the pul-
ley shaft hole;

a plurality of belt supports movably installed between the
pair of pulley plates such that the plurality of belt sup-
ports can move relative to the pair of pulley plates in
radial directions, each of the plurality of belt supports
having a belt holding ratchet gear part formed on an
outer surface thereof, a slide part formed on each end
thereof and inserted into an associated slide slit of the
plurality of slide slits of the pair of pulley plates, and a
guide protrusion protruding outside an outer surface of
an associated one of the pair of pulley plates;

apair of transmission plates rotatably mounted to the outer
surfaces of the respective pair of pulley plates mounted
to the opposite ends of the pulley plate holder of the
pulley shaft, with a pair of thrust bearings interposed
between each of the transmission plates and the associ-
ated pulley plate of the pair of pulley plates respectively,
each ofthe transmission plates having a pulley shaft hole
formed through a center thereof and a plurality of invo-
lute slits radially formed therein at locations outside the
pulley shaft hole such that the plurality of involute slits
of the transmission plates receive respective guide pro-
trusions of the plurality of belt supports installed
between the pair of pulley plates; and

a transmission plate rotating device for rotating the trans-
mission plates rotatably mounted to the outer surfaces of
the respective pulley plates in opposite directions,
thereby moving the plurality of belt supports installed
between the pair of pulley plates in radial directions,

wherein the variable driven pulley has the same construc-
tion as that of the variable drive pulley, wherein belt
holding ratchet gear parts formed on outer surfaces of
belt supports of the variable driven pulley are inclined in
a direction opposed to that of the belt holding ratchet
gear parts formed on the plurality of belt supports of the
variable drive pulley, and

wherein the belt includes: a left side belt portion, a center
belt portion and a right side belt portion, all extending
longitudely throughout the belt,

wherein the center belt portion includes a plurality of drive-
side ratchet gear parts disposed on an inner surface
thereof and engaged with a center portion of each of the
belt holding ratchet gear parts disposed on the plurality
of belt supports of the variable drive pulley, and

wherein each of the left side belt portion and right side belt
portions includes a plurality of driven-side ratchet gear
parts inclined in a direction opposed to that of the plu-
rality of the plurality of drive-side ratchet gear parts and
engaged with a left and right portions of each of the belt
holding ratchet gear parts disposed on the belt supports
of the variable driven pulley.
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